INTRODUCTION
============

More than a billion people around the world are overweight, and approximately 300 million are obese.[@b1-cln_65p45] Obesity is considered an important independent risk factor for the development of cardiovascular disease (CVD)[@b2-cln_65p45]--[@b4-cln_65p45] and mortality.[@b5-cln_65p45] Several pathophysiological mechanisms may explain the strong association between obesity and the risk of developing CVD, including autonomic dysfunction, which, due to a reduced cardiac vagal tone (CVT),[@b6-cln_65p45] can alone be an important risk factor for CVD[@b7-cln_65p45], [@b8-cln_65p45] and mortality.[@b9-cln_65p45]

Studies have shown that obesity, evaluated by simple indicators such as body mass index (BMI) (weight/height[@b2-cln_65p45]), fat regional indicators or total body fat (i.e., waist circumference and sum of skinfolds, respectively), is associated with a reduced CVT.[@b10-cln_65p45]--[@b14-cln_65p45] For example, Freeman et al. [@b14-cln_65p45] suggested that CVT tends to be diminished in individuals with higher BMI. A study of obese subjects by Chen et al.[@b13-cln_65p45] demonstrated a better association between CVT and indicators of central obesity (i.e., waist circumference) as compared to total indicators of obesity, such as BMI.

In theory, it is possible that some degree of CVT reduction can anticipate the appearance of clinical signs and symptoms of certain diseases. As such, CVT may function as a pre-clinical sign that can be potentially useful for clinical decision making. Although current evidence supports the hypothesis that CVT varies inversely with indicators of obesity,[@b15-cln_65p45], [@b16-cln_65p45] an analysis of CVT in healthy adult men who are not obese but are within the upper limits of normality for some selected and unfavorable anthropometric characteristics (UAC), such as being overweight, having an increased waist circumference and presenting a predominantly endomorphic somatotype, has not yet been carried out. Therefore, our aim was to determine if there are differences in CVT values in non-obese healthy, adult men (BMI \<30 kg / m^2^) with and without UAC and to relate CVT to select anthropometric measurements.

METHODS
=======

Data from 1688 consecutive detailed medical-functional evaluations between 2004 and 2008 were reviewed, and 118 evaluations were found to meet all of the following inclusion criteria: a) male gender; b) aged 20 to 77-years-old; c) healthy (absence of known clinical relevant diseases and no regular use of medications, except for vitamins; d) BMI \<30 kg/m^2^; and e) having completed a truly maximal cardiopulmonary exercise test. Evaluation of the subjects included clinical examination, anthropometric assessment (body height and weight, sum of six skinfolds, waist circumference and somatotype), 4-second exercise test (4sET)[@b17-cln_65p45] (for CVT estimation) and a maximal cardiopulmonary exercise test (CPET).[@b18-cln_65p45] All procedures were carried out by the same physician. Evaluations were performed at the request of the individuals, most commonly by referral from their primary care physicians. These apparently healthy individuals seek our advice, in most cases, to assess their current physical condition and to get subsides in order to increase regular exercise and/or in adopting a healthier lifestyle. These individuals have a high possibility of being truly healthy, not only due to the absence of known diseases as assessed by their physicians but also by denying regular use of relevant medications. Furthermore, no pathological findings were detected after a detailed clinical evaluation, which included a maximal CPET, which was performed to exclude myocardial ischemia and to identify appropriate heart rate target zones for aerobic exercise prescription. Before the procedures, all subjects read and signed a specific informed consent form previously approved by the institutional research committee.

Anthropometric Measurements
---------------------------

Body weight was measured with an electronic scale to the nearest 0.01 kg, and height was measured to the nearest 0.1 cm using a fixed stadiometer. We obtained skinfolds measurements at six body sites (triceps, subscapular, suprailiac, abdomen, thigh and medial calf) by a caliper (Skyndex II, USA) read to the nearest 0.1 mm. Circumference measurements, to the nearest 0.1 cm, of waist, calf, relaxed and the flexed/contracted right arm, were taken with a metallic and flexible tape (Gullick, USA). Humeral and femoral bone diameters were obtained by using an adapted sliding caliper (Mitutoyo, Japan) and were measured to the nearest 0.01 mm. As previously stated, all anthropometric measurements were obtained by a single and experienced physician following ISAK standards.[@b19-cln_65p45]

Anthropometric characteristics (AC)
-----------------------------------

### Total

The total anthropometric characteristics were evaluated in three ways. The BMI was obtained from the ratio of body mass (kg) to squared height (m). Total fat was estimated by adding the values of six skinfolds from the triceps, subscapular, suprailiac, abdomen, thigh and the medial calf sites in mm. We determine the Heath-Carter somatotype anthropometric method[@b20-cln_65p45],[@b21-cln_65p45] allowing a more comprehensive body composition analysis by the evaluation of three components: a) the endomorphy, which represents relative fat, b) the mesomorphy, which represents relative skeletal and muscular development and c) the ectomorphy, which reflects the relative linearity = \[2.42 × ((height (cm)/2.54)/(weight (kg)/0.4536)1/3) − 28.58\].[@b22-cln_65p45]

### Regional

Regional AC was evaluated by two approaches: a) peripheral central Index (PCI), obtained from the ratio of the sum of central and peripheral skinfolds, where the central sum is obtained by adding abdominal, suprailiac and subscapular skinfold values, while the peripheral sum is achieved by adding triceps, thigh and medial calf skinfold values; and b) waist circumference, measured at the umbilical scar level and parallel to the floor.

### UAC

For the purpose of our study, the results at upper extreme (lower extreme for ectomorphy) of distribution for each one of anthropometric characteristics above described were labeled as UAC. Further details are provided under statistical analysis subsection.

Assessment of cardiac vagal tone (CVT):
---------------------------------------

To assess the CVT, the rapid initial heart rate transient (i.e., rest-exercise transition), represented by the cardiac vagal index (CVI), was determined by the 4sET protocol. Briefly, the 4sET consists in unloaded pedaling as fast as possible on a cycle ergometer from the 5^th^ to the 8^th^ second of a 12-s maximal inspiratory apnea. For testing, the subject remains seated on the cycle ergometer and, after the heart rate (HR) stabilizes, four verbal commands guide the actions that are to be sequentially performed, at 4-s intervals, as follows: 1) fast maximal inspiration, primarily through the mouth; 2) pedaling as fast as possible; 3) sudden cessation of pedaling; and 4) expiration. During the 4sET, a digital ECG was recorded with 10-ms resolution. The CVI was calculated from the ratio between two ECG specific R-R intervals (with 10-ms resolution) were identified and measured: the longest R-R interval (RRB) (i.e. either the interval obtained immediately before the onset of exercise or the first one after the onset of exercise) and the shortest R-R interval (RRC) during the 4-s exercise (generally, the last one). The CVI was calculated from the ratio between the RRB and RRC interval.[@b17-cln_65p45],[@b18-cln_65p45] Two 4sET maneuvers were performed and the highest ratio between the RRB and RRC intervals which are representative of the CVI, a dimensionless measurement, used for further analysis.

Maximal cardiopulmonary exercise test (CPET):
---------------------------------------------

Following the 4sET, a CPET was performed - leg cycle ergometer in 96% of the tests - with direct collection and analysis of expired gases (VO2000, Medgraphics, USA) according to an individualized ramp protocol, aimed to last between 8 and 12 minutes.[@b23-cln_65p45], [@b24-cln_65p45] The subjects were verbally encouraged to exercise until they reached volitional fatigue (i.e., exhaustion), regardless of the maximal heart rate achieved or any other ventilatory criteria. One lead ECG (CC5 or CM5) was continuously monitored from rest until at least 5 min post-exercise.[@b18-cln_65p45], [@b25-cln_65p45] Auscultatory blood pressure measurements were also obtained at each minute during exercise and recovery.

Statistical analysis
--------------------

Two different analysis were conducted. In the first approach, the samples were divided into quintiles for ACs, as follows: a) BMI; b) total sum of six skinfolds; c) PCI; d) waist circumference; and e) somatotype components (endomorph, mesomorph and ectomorph). After that, paired one-tailed t-tests were used to compare the extreme quintiles -- lower and higher UAC values. In the second approach, the association between each one of the ACs and the CVI was determined by Pearson product-moment correlation. Additionally, a one-way ANOVA was carried out for comparing age of subjects of the five quintiles for each one of the ACs analyzed. A value of 5% was considered significant. All calculations were performed using SPSS software (version 17, SPSS, Chicago).

RESULTS
=======

Demographic descriptive statistical data are presented in [Table 1](#t1-cln_65p45){ref-type="table"} and physiological testing data are shown in [Table 2](#t2-cln_65p45){ref-type="table"}. [Table 3](#t3-cln_65p45){ref-type="table"} displays the quintile cut-off values for each one of the selected AC. No significant differences were found for age among the quintiles for all ACs variables assessed.

With respect to the regional AC, waist circumference showed a trend similar to the total body fat indicators described above, with the first quintile of individuals showing higher CVT values as compared to those in the fifth quintile (1.77 vs. 1.46, p\<0.001) ([Figure 2](#f2-cln_65p45){ref-type="fig"}). On the other hand, no differences were observed in the CVT concerning the PCI of extreme quintiles (1.58 vs. 1.53, p=0.284).

Moving to somatotype analysis, CVT differences were found for the individuals in the extreme quintiles for the endomorphy (1.77 vs. 1.56, p=0.023), with the more endomorphic individuals showing lower CVI values. The more linear individuals, as represented by the fifth quintile of ectomorphy showed greater CVI values as compared with those with a more rounded body shape (1.78 vs. 1.55, p=0.013). On the other hand, evaluation of the CVT for the mesomorphy, failed to show any difference between the extreme quintiles (1.60 vs. 1.60, p=1.000). ([Figure 3](#f3-cln_65p45){ref-type="fig"}).

Looking for associations, we found that UAC results, except for mesomorphy, are related to CVT, represented by the CVI, with correlation coefficients ([Table 4](#t4-cln_65p45){ref-type="table"}) ranging, in module, between 0.2 and 0.3 (p\<0.05). Since endomorphy and ectomorphy tend to be inversely related, the r values of these variables with CVT also follow the same pattern.

DISCUSSION
==========

This study suggested that non-obese and healthy adult men, as considered by not having any relevant clinical diagnosis and not been in regular use of medications, but who already have UAC, present a significantly lower CVT when compared with a comparable group of individuals without these characteristics. However, it is important to emphasize that although these individuals present a reduction in CVT, they are still within the normal range of CVI values (1,2 to 1,9, based on unpublished results based in a sample of more than 1,800 4sETs carried out in healthy adults in the last 20 years). Age could be a relevant intervenient variable, since most of the studies recognized a significant decrease in CVT with aging[@b7-cln_65p45], however, in this particular study, aging is unlikely to have interfered since there was no difference among the five quintiles for this variable. A peculiarity of this study is the rigid selection of individuals with a high possibility of being truly healthy, not only due to the absence of known diseases as assessed by their physicians but also by not reporting use of regular medical. Furthermore, no pathological findings were detected after all selected subjects have underwent a detailed clinical evaluation, which included an maximal CPET (and exercise ECG).[@b25-cln_65p45] These findings are additionally supported by the facts that the mean value of the maximum HR during CPET was about 98% of the predicted - 210 minus (0.65 X age),[@b26-cln_65p45] and a maximum oxygen uptake that was considerably higher than expected for their age ([Table 4](#t4-cln_65p45){ref-type="table"}).

The evaluation of certain anthropometric measurements is practical, fast and almost costless. Our results show that, using simple measurements for BMI, waist circumference, somatotype and the sum of skinfolds, we were able to prematurely identify healthy men who already tend to have a lower CVT, a clinically potential useful information, since a reduction in the CVT indicates an increased risk for cardiovascular morbidity[@b7-cln_65p45] and mortality.[@b6-cln_65p45] From a practical point-of-view, a preliminary clinical approach, it would be to consider those subjects in the unfavorable extreme quintile as more prone to have a relatively lower vagal tone and then the ones that most likely will benefit of an intervention, such as lifestyle management ([Table 3](#t3-cln_65p45){ref-type="table"}).

Our results are in agreement with other studies that have found a lower CVT in individuals who present criteria for excess of body fat.[@b13-cln_65p45],[@b14-cln_65p45] Some groups have reported that obesity and changes in weight can affect cardiovascular autonomic modulation.[@b11-cln_65p45]--[@b14-cln_65p45], [@b27-cln_65p45] For instance, Chen et al.[@b13-cln_65p45] found an association between waist circumference and a reduced CVT, while the same was not observed for BMI. These results may suggest that the fat distribution maybe more important for the reduction of CVT than overall or total body fat. It is important to note that, in this study, the authors used a sample consisting of two groups of individuals with and without obesity and of both genders. In our study, while the CVI values of extreme quintiles for BMI, waist circumference and the total sum of skinfolds were significantly different, indicating that healthy men that are not obese already present a trend for a lower CVT, the fat distribution appeared to not be so relevant, at least by PCI criteria. Indeed, the relationship of the PCI with the CVI is probably best represented by an inverted U, with the 1^st^ and 5^th^ quintiles of the PCI presenting a lower mean CVI.

The waist circumference, which is considered an important indicator of regional or local obesity and is associated with central fat,[@b2-cln_65p45],[@b28-cln_65p45] was the AC that presented the slightly higher correlation coefficient with the CVI (r=−0.30, p=\<0.001) ([Table 3](#t3-cln_65p45){ref-type="table"}) and was also the AC with the greatest difference between the means of extreme quintiles for the CVI (first - 1.77 vs. fifth - 1.46, p\<0.001). These results, even in non-obese healthy subjects, are very similar to those obtained in other studies that involved the measurement of waist circumference in individuals with decreased CVI.[@b4-cln_65p45],[@b5-cln_65p45],[@b13-cln_65p45] These results are relevant since abdominal obesity is considered a risk factor for the development of CVD[@b4-cln_65p45], [@b29-cln_65p45] and an anthropometric variable associated with CVD.[@b5-cln_65p45],[@b28-cln_65p45] This information is very practical in terms of its availability and its simplicity of implementation in the practice of health professionals.

Another contribution of our study is the somatotype analysis. When considering the details of body composition, which include distinguishing between the effects of fat and skeletal muscle on body weight, somatotype analysis may eliminate potential errors caused by the crude use of body weight in relation to height, as is done when determining the BMI.[@b30-cln_65p45] This is particularly relevant when we note that increases in mesomorphy (based on limb girths subtracted from skinfolds, and measurements of bone diameters related to body height) are not related to CVI. Nevertheless, perhaps by either considering a much less controlled sample in terms of inclusion criteria or due to the use of previous somatotype classification systems such as Sheldon rather than Heath-Cater, these findings did not corroborate previous information available from years 1950 to 1960 gathered in an old review paper.[@b31-cln_65p45] Our results demonstrate that healthy individuals with a more endomorphic somatotype have a lower CVT, which may suggest a greater predisposition for the development of CVD [@b31-cln_65p45] and for mortality[@b32-cln_65p45] and, as found by Olson et al.[@b32-cln_65p45], in athletes and non-athletes, have lower life expectancy as compared to individuals with a predominantly mesomorphic and/or ectomorphic somatotype.

A possible limitation of our study was that we did not height-adjust the AC of our subjects. While this issue has been shown to be potentially relevant, according proportionality criteria,[@b33-cln_65p45] preliminary analysis applying these procedures were not effective in our sample, most likely because it is a very homogeneous sample with a mean height around 1.76 m. However, it is possible that the correction of proportionality become appropriated when using a less homogeneous sample with a height distribution different from the one used in our study. For instance, for individuals that substantially differ in body height, there is a trend to also present large differences for other AC (e.g. waist circumference), and then, a height correction should be appropriate. Another limitation is the lack of scientific data in our study that could explain the possible physiopathological mechanisms involved in the reduction in the CVT in non-obese healthy men.

Future studies are necessary to confirm whether the lower CVT values observed in healthy men with UAC would represent an increased rate of cardiovascular events or, if this trend for a CVT reduction could be reversed with the correction of UAC by exercise and/or by a hypocaloric diet.

In conclusion, as more attention is being dedicated to the prevention and determination of long-term prognosis, the findings of this study contribute by indicate that even in healthy adult men with adequate levels of aerobic condition, it is already possible to identify those with a tendency to present lower CVT values through the use of easily obtained anthropometric measurements. In a preventive scenario, these findings may contribute to the early identification of healthy individuals in need for a greater emphasis and more aggressive regulation of cardiovascular risk factors.
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###### 

Demographic characteristics of the participants (n = 118)

  Variable (n= 118)          Mean ± SD     Minimum - Maximum
  -------------------------- ------------- -------------------
  Age (years)                42 ± 12       20 - 77
  Height (m)                 1.76 ± 0.06   1.58 - 1.94
  Weight (kg)                79.5 ± 8.4    58.5 - 99.7
  BMI (kg/m^2^)              25.6 ± 2.2    20.7 - 29.8
  Σ Total (mm)               87.2 ± 26.1   32.2 - 156.2
  Waist circumference (cm)   90.2 ± 7      71.3 - 113.0
  PCI                        1.8 ± 0.5     0.64 - 3.76
  Endomorph                  4.1± 1.25     1.33 - 7.24
  Mesomorph                  5.71 ± 0.93   3.82 - 7.91
  Ectomorph                  1.46 ± 1.01   −1.09 - 3.70

BMI, Body mass index; PCI, Peripheral central index; Σtotal, Total sum of skinfolds

###### 

4sET and maximal cardiopulmonary exercise testing (CPET) major findings

  Variable (n=118)      Mean ± DP     Minimum - Maximum
  --------------------- ------------- -------------------
  Cardiac Vagal Index   1.63 ± 0.33   1.11 - 2.67
  SBPrest (mmHg)        127 ± 10.8    106 - 159
  DBPrest (mmHg)        74 ± 8        53 - 102
  HRrest (bpm)          60 ± 11       39 - 96
  HRmax (bpm)           179 ± 15      133 - 211
  \% HRmax              98 ± 7        78 - 118
  HRR (bpm)             41 ± 11       16 - 65
  \% VO2max             125 ± 31.2    42 - 203
  METs                  13.2 ± 3.5    4.7 - 21.1

SBPrest, resting sistolic blood pressure; DBPrest, resting diastolic blood pressure; HRrest, resting heart rate; HRmax, maximal heart rate during cardipulmonary exercise testing; %HRmax, % of predicted HRmax achieved; HRR, heart rate recovery (i.e. HRmax minus HR at first min of recovery); METs, Metabolic equivalent.

###### 

Quintiles of selected anthropometric characteristics

  **Variable**                   **cut-of points**   **Cardiac Vagal Index (mean ± SEM)**                 
  ------------------------------ ------------------- -------------------------------------- ------------- -------------
  **BMI (kg/m^2^)**              1st                 ≤ 23.6                                 23            1.78 ± 0.07
  2nd                            23.7 - 25.0         25                                     1.60 ± 0.06   
  3rd                            25.1 - 26.2         23                                     1.67 ± 0.07   
  4th                            26.3 - 27.8         24                                     1.59 ± 0.07   
  5th                            ≥ 27.9              23                                     1.52 ± 0.07   
                                                                                                          
  **Σtotal (mm)**                1st                 ≤ 68.3                                 24            1.74 ± 0.08
  2nd                            68.4 - 79.2         23                                     1.67 ± 0.06   
  3rd                            79.3 - 91.0         23                                     1.64 ± 0.07   
  4th                            91.1 - 107.5        24                                     1.56 ± 0.06   
  5th                            ≥ 107.6             23                                     1.54 ± 0.07   
                                                                                                          
  **PCI**                        1st                 ≤ 1.27                                 24            1.58 ± 0.07
  2nd                            1.28 - 1.66         24                                     1.66 ± 0.06   
  3rd                            1.67 - 1.94         23                                     1.73 ± 0.08   
  4th                            1.95 - 2.20         24                                     1.66 ± 0.07   
  5th                            ≥ 2.21              23                                     1.53 ± 0.06   
                                                                                                          
  **Waist circumference (cm)**   1st                 ≤ 84.7                                 24            1.77 ± 0.07
  2nd                            84.8 - 87.7         24                                     1.68 ± 0.06   
  3rd                            87.8 - 91.5         23                                     1.61 ± 0.06   
  4th                            91.6 - 96.2         25                                     1.63 ± 0.08   
  5th                            ≥ 96.3              22                                     1.46 ± 0.04   
                                                                                                          
  **Endomorphy**                 1st                 ≤ 2.90                                 24            1.77 ± 0.07
  2nd                            2.91 - 3.73         24                                     1.62 ± 0.07   
  3rd                            3.74 - 4.48         23                                     1.63 ± 0.06   
  4th                            4.49 - 5.24         24                                     1.55 ± 0.07   
  5th                            ≥ 5.25              23                                     1.58 ± 0.07   
                                                                                                          
  **Mesomorphy**                 1st                 ≤ 4.78                                 24            1.60 ± 0.06
  2nd                            4.79 - 5.50         24                                     1.67 ± 0.06   
  3rd                            5.51 - 5.98         23                                     1.76 ± 0.08   
  4th                            5.99 - 6.53         24                                     1.52 ± 0.07   
  5th                            ≥ 6.54              23                                     1.60 ± 0.07   
                                                                                                          
  **Ectomorphy**                 1st                 ≤ 0.48                                 24            1.55 ± 0.07
  2nd                            0.49 - 1.19         24                                     1.58 ± 0.07   
  3rd                            1.20 - 1.68         23                                     1.67 ± 0.07   
  4th                            1.69 - 2.31         24                                     1.59 ± 0.06   
  5th                            ≥ 2.32              23                                     1.78 ± 0.07   

BMI: Body mass index; PCI: Peripheral central index; Σtotal: Total sum of skinfolds.

###### 

Correlation coefficients between selected anthropometric characteristics and the cardiac vagal index

  Variable n = 118           Cardiac Vagal Index (CVI)   
  -------------------------- --------------------------- -------
  ***AC total***                                         
  BMI (kg/m^2^)              − 0.20                      0.024
  Σ total (mm)               − 0.23                      0.013
                                                         
  ***AC regional***                                      
  Waist Circumference (cm)   − 0.30                      0.001
  PCI                        − 0.02                      0.842
                                                         
  ***Somatotype***                                       
  Endomorphy                 − 0.24                      0.011
  Ectomorphy                 0.23                        0.017

AC: Anthropometric characteristics; BMI: Body mass index; PCI: Peripheral central index; Σtotal: Total sum of skinfolds.
